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@ Non-magnetic one-component developer and development process. 

(§) A non-magnetic one-component developer comprises a binder resin and a colorant, and has \ 
volume-average partide diameter (dv) in a range of 5-15 tun, a ratio (dv/dn) of the volume-averagi 
particle diameter (dv) to the number-average particle diameter (dn) In a range of 1.00-1.40, a quotier 
(ScTSr) obtained by dividing the area (Sc) of a circle supposing the absolute maximum length of i 
particle Is a diameter by the real projected area (Sr) of the particle in a range of 1.00-1.30, a produc 
(A*dn*D) of the specific surface area (A) (n^/g) as measured in accordance with the BET method, th< 
number-average particle diameter (dn) (\xm) and the true specific gravity (D) in a range of 5-10, and s 
ratio (Q/A) of the charge level (Q) (fuc/g) to the specific surface area (A) in a range of 15-70. The develope 
Is substantially spherical from both conditions of Sc/Sr and A*dn*D, and Is suitable for use in a proces 
for developing an electrostatic latent image formed on a photosensitive body with a developer by uslnj 
a development apparatus equipped with a development roll and a development blade for controlling i 
layer of the developer supplied on the development roll to a uniform thickness. A development proces 
making use of the non-magnetic one-component developer is also disclosed. 
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NON-MAGNETIC ONE-COMPONENT DEVELOPER AND DEVELOPMENT PROCESS 



HELD OF THE INVENTION 

The present invention relates to a developer suitable for use in copying machines according to 
5 electrophotography and electrostatic recording apparatus, and a development process, and more specifically 
to a non-magnetic one-component developer excellent in image properties such as image density, resolution 
and tone reproduction, and a development process making use of the developer. 

BACKGROUND OF THE INVENTION 

10 

As a development process usable in electrographlc copying machines and electrostatic recording 
apparatus, it has been well known to feed a developer by a feeding member and then make an electrostatic 
latent image formed on a photosensitive body visible with the developer. 

In this development process, there is used a one-component developer composed of a toner alone or a 
15 two-component developer composed of a toner and a carrier. 

In recent years, various development processes making use of a one-component developer composed of 
a toner alone have been proposed (for example, U.S. Patent Nos. 3,909,258 and 4,121,931) owing to their 
merits that an apparatus used therein can be made small and the maintenance of the apparatus Is easy. 

By the way, a magnetic one-component developer comprising a magnetic powder is Involved in the one- 
20 component developers. This one-component developer makes use of a magnetic toner having a relatively low 
specific resistance. It is therefore difficult to electro-statically transfer an image developed on an electrostatic 
latent image to a support material such as plain paper. In addition, it is impossible to produce color developers 
because the magnetic one-component developer comprises a large amount of the magnetic powder as a toner. 

In more recent years, the spotlight of attention has therefore been focused on development processes mak- 
25 ing use of a non-magnetic one-component developer free of any magnetic powders and high in specific resi- 
stance. The non-magnetic one-component developer generally comprises a binder resin and a colorant such 
as carbon black and has an advantage in that color developers are obtained. 

A development process making use of a non-mag netic one-component developer (hereinafter may referred 
to as 'non-magnetic toner") is performed in the following manner by using, for example, a developing apparatus 
30 illustrated in FIG. 1. 

Namely, the developing apparatus comprises a photosensitive body 1 and a toner container 2, which is 
disposed in the vicinity of the photosensitive body 1 and contains a development roll 3 brought Into contact 
under pressure with the photosensitive body 1 and a toner feed roll 4. A development bias voltage is applied 
to the development roll 3 through an electric source. 

35 A one-component developer 6 composed of a non-magnetic toner is contained in the toner container 2. 

By rotating the toner feed roll 4, the non-magnetic toner 6 borne on the surface of the roD 4 is transferred to 
the contact surface with the development roil 3. The non-magnetic toner 6 is further transferred to the photo- 
sensitive body 1 as the development roll 3 is rotated, thereby developing an electrostatic latent image formed 
on the photosensitive body 1. 

40 In this development process, it is important to form a uniform and thin layer of the non-magnetic toner 6 

on the development roll 3. For this reason, there is disposed a layer-thickness regulator 7 for controlling the 
layer of the non-magnetic toner 6 adhered to the surface of the development roll 3 to a uniform thickness. 

However, when a toner, which has heretofore been used In the two-component developers and is com- 
posed of a binder resin and a colorant, is used as a one-component developer, it is extremely difficult to form 

45 a thin, uniform toner layer on the developer roll because the toner cannot be supplied stably. Therefore, the 
toner cannot be trlboelectrifled sufficiently, so that it is only possible to obtain a poor image having low density 
In image areas and full of scumming in non-image areas. 

OBJECTS AND SUMMARY OF THE INVENTION 

50 

It Is an object of this invention is to provide a non-magnetic one-component developer, which can be stably 
supplied to form a thin, uniform toner layer, has good reproductivityforan electrostatic latent image on a photo- 
sensitive body, can impart high image density owing to the fact that a sufficient amount of the non-magnetic 
toner can be transferred from the development roll, and does not bring about defects such as scumming in non- 
55 Image areas. 

Another object of this invention is to provide a development process making use of the non-magnetic one- 

• * * « 
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component developer having such excellent properties. 

A further object of this invention is to provide, in particular, a process for developing in accordance with 
the reversal development system in which a toner has the same polarity as that of an electrostatic latent image 
formed on a photosensitive body and/or a process for developing by bringing an electrostatic latent image for- 

5 med on a photosensitive body into direct contact with a development roll. 

The present inventors have carried out an extensive investigation with a view toward overcoming the prob- 
lems involved in the prior art. As a result, it has been found that the above-mentioned objects can be attained 
by controlling the shape, particle diameter, particle size distribution, charge level and the like of a non-magnetic 
toner to specifically limited ranges. The present invention has been led to completion on the basis of this finding. 

10 According to the present invention, there is thus provided a non-magnetic one-component developer suit- 

able for use in a process for developing an electrostatic latent image formed on a photosensitive body with a 
developer by using a development apparatus equipped with a development roll and a development blade for 
controlling a layer of the developer supplied on the development roll to a uniform thickness, characterized in 
that the developer comprises a binder resin and a colorant, and has the following physical properties: 

is (a) the volume-average particle diameter (dv) ranging from 5 to 15 urn; 

(b) the ratio (dv/dn) of the volume-average particle diameter (dv) to the number-average particle diameter 
(dn) ranging from 1.00 to 1.40; 

(c) the quotient (Sc/Sr) obtained by dividing the area (Sc) of a circle supposing the absolute maximum 
length of a particle is a diameter by the real projected area (Sr) of the particle ranging from 1.00 to 1.30; 

20 (d) the product (A*dn*D) of the specific surface area (A) (m 2 /g) as measured in accordance with the BET 

method, the number-average particle diameter (dn) (urn) and the true specific gravity (D) ranging from 5 
to 10; and 

(e) the ratio (Q/A) of the charge level (Q) (tic/g) to the specific surface area (A) ranging from 15 to 70, 
said non-magnetic one-component developer being substantially spherical from the conditions of (c) and 

25 (d). 

According to the present Invention, there is also provided a development process, which comprises using 
the non-magnetic one-component developer as a developer. 

According to the present invention, there is further provided, as the above-described development process, 
in particular, a process for developing in accordance with the reversal development system in which an electro- 
30 static latent image formed on a photosensitive body has the same polarity as that of a non-magnetic one-com- 
ponent developer and a process for developing by bringing an electrostatic latent image formed on a 
photosensitive body into direct contact with a development roll. 

The substantially spherical non-magnetic one-component developer may be prepared by polymerizing an 
intimate mixture containing at least one vinyl monomer and at least one colorant by a suspension polymerization 
$6 process. 

Here, methods and apparatus for measuring the physical properties of developers in the present Invention 
are as follows. 

Sc/Sr is a value obtained by measuring and analyzing a developer by an image processing and analyzing 
apparatus under the following conditions: 
40 Image processing and analyzing apparatus: 

Luzex II D (manufactured by Nlkore K.K.) 
Percent area of a particle to a frame area: 
Maximum 2% 

Total number of particles processed: 1,000 particles (The Sc/Sr value is expressed in terms of a number- 
45 average value of the 1,000 particles) 

The specific surface area (A) as measured in accordance with the BET method is a value measured by 
means of an automatic specific surface area meter, "Model 2200", manufactured by Shimadzu Corporation, 
and both volume-average particle diameter (dv) and number-average particle diameter (dn) are values 
measured by means of a Coulter counter ("Model TA-II", manufactured by Nkkaki KX), and the true specific 
60 gravity (D) is a value measured by a Beckmann specific gravimeter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a fragmentary sectional view showing one Dlustrative construction of developing apparatus to 
55 which a non-magnetic one-component developer according to this invention can be applied. 



3 



EP 0 445 986 A1 



DETAILED DESCRIPTION OF THE INVENTION 

Features of the present invention will hereinafter be described in detail. 

5 (Non-magnetic One-component Developer) 

Toners have heretofore been prepared by melting and kneading a mixture containing a binder resin and 
a colorant, cooling the thus-kneaded mixture, grinding it by a grinder and then classifying the thus-ground mixt- 
ure to make its particle diameter uniform. However, particles of the toners obtained by such a grinding system 

10 are indeterminate in shape. In such a toner, the quotient (Sc/Sr) obtained by dividing the area (Sc) of a circle 
supposing the absolute maximum length of a particle is a diameter by the reat projected area (Sr) of the particle 
generally exceeds 1 .3. In addition, its specific surface area (A) as measured in accordance with the BET method 
is great, and the product (A*dn*D) of the specific surface area (A) (m 2 /g), the number-average particle diameter 
(dn) (urn) and the true specific gravity (D) exceeds 10. 

15 The toner having the shape and properties as described above is poor in flowability. Therefore, when the 

toner is used as a developer In the above-described development process, a layer of the toner supplied on the 
development roil becomes uneven, resulting in an Image having low density in image areas and full of uneven- 
ness in density and of scumming in non-Image areas. 

On the other hand, since the non-magnetic toner according to the present invention has an Sc/Sr value in 

20 a range of 1.00-1.30 and an A*dn*D value in a range of 5-10 and hence is substantially spherical in particle 
shape, its flowability is good. 

When a toner having such properties that the volume-average particle diameter (dv) is in a range of 5-15 
urn, the ratio (dv/dn) of the volume-average particle diameter (dv) to the number-average particle diameter (dn) 
is In a range of 1 .00-1 .40, preferably, of 1 .00-1 .25, and the ratio (Q/A) of the charge level (Q) (jic/g) as measured 

25 in accordance with the blow-off method (carrier TEFV 150/250, toner concentration: 5%, measured after mixing 
and stirring for 30 minutes at a rotational speed of 150 rpm) to the specific surface area (A) is in a range of 
15-70, preferably, of 20-60, among substantially spherical toners having above-described features, is used as 
a developer in the above development process, a uniform, thin layer of the toner is formed on the development 
roll, the denseness of the toner onto a latent image formed on the photosensitive body becomes good and the 

so toner particles come to have a fixed and uniform electric charge on their surfaces. Therefore, the transfer effi- 
ciency of the toner in the transferring process becomes higher. As a result, an image developed has high density 
in image areas, and is free of any dust and unevenness, and vivid. 

Besides, when the non-magnetic toner according to this invention b used, the trtboelectrifying character- 
istics between the surface of the development roD and the layer-thickness regulator for the toner also become 

35 fixed and uniform, so that no scumming occurs in non-image areas even when the toner is used in the contact 
development system in which an electrostatic latent image formed on the photosensitive body is brought into 
direct contact with the development roil. 

Even in a cleaning process by means of a blade or the like after a transfer process in which a developed 
image on the photosensitive body is transferred to a support material such as paper, the non-magnetic toner 

40 of this invention is substantially removed from the photosensitive body. A small amount of the toner remaining 
on the photosensitive body, which has not been removed, is also removed by the development roll at the same 
time as the development in the next developing process. It is therefore possible to obtain stable and good 
images even in long-term continuous development. 

These excellent operational effects can be obtained for the first time as the result that the shape, particle 

45 diameter, particle size distribution, charge level and the like of the non-magnetic toner particles have been well 
balanced with one another. 

If particles not satisfying the above-described conditions as to the shape factor (Sc/Sr) and the product 
(A*dn*D) are used as a toner, the transfer efficiency of the toner becomes low, so that the density in image 
areas becomes insufficient, and scumming in non-image areas and Image unevenness occur on a resulting 

so image. 

The use of any non-magnetic toners whose volume-average particle diameter (dv) is smaller than 5 or 
exceeds 15 pm fails to make the layer of the toner on the development roll uniform. Alternatively, its transfer 
efficiency becomes poor, so that a sufficient image density cannot be obtained. 

If a non-magnetic toner having such a wide particle size distribution as the volume-average particle diame- 
65 ter (dv) to number-average particle diameter (dn) ratio (dv/dn) exceeds 1.40 is used, the supply of the toner 
becomes extremely unstable upon long-term continuous development 

If a toner whose charge level (Q) (jic/g) to specific surface area (A) ratio (Q/A) is lower than 15 or exceeds 
70 Is used, a sufficient image density cannot be obtained, or a resulting image is full of scumming in non-image 
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areas. Besides, in the cleaning process after the transfer, the toner on the photosensitive body cannot be 
removed sufficiently by the cleaning blade because of its too strong adhesion to the photosensitive body, result- 
ing In occurrence of disadvantages such as formation of ghost images. 

5 (Preparation Process of Non-magnetic One-component Developer) 

The non-magnetic toner according to the present invention can be obtained by polymerizing an intimate 
mixture containing at least one vinyl monomer and at least one colorant by a suspension polymerization pro- 
cess. 

10 As a specific suspension polymerization process, there Ss, for example, a process in which a mixture com- 

prising a vinyl monomer* a colorant and a radical polymerization Initiator, and as optional components, various 
kinds of additives is intimately dispersed by a ball mill or the like to prepare an intimate mixture and the thus- 
obtained Intimate mixture is then finely dispersed in water under high-shear stirring into an aqueous dispersion, 
thereby subjecting the dispersion to suspension polymerization at a temperature of 30-200°C in general. 

is As exemplary vinyl monomers useful in the practice of this invention, may be mentioned styrene monomers 
such as styrene, vinyltoluene and a-methytstyrene; acrylic acid; methacrylic acfd; derivatives of acrylic acid and 
methacrytic acid such as methyl acrylate, ethyl acrylate, propyl acrylate, butyl acrylate, 2-ethylhexyl acrylate, 
ethyl methacrylate, propyl methacrylate, butyl methacrylate, 2-ethylhexyl methacrylate, dimethylaminoethyl 
methacrylate, acrylonitrlle and acrylamide; ethylenically unsaturated monoolefins such as ethylene, propylene 

20 and butylene; vinyl halides such as vinyl chloride, vinyiidene chloride and vinyl fluoride; vinyl esters such as 
vinyl acetate and vinyl propionate; vinyl ethers such as vinyl methyl ether and vinyl ethyl ether; vinyl ketones 
such as vinyl methyl ketone and methyl isopropenyl ketone; nitrogen-containing vinyl compounds such as 2- 
vinylpyridine, 4-vinylpyiidine and N-vinylpyrrolidone; and the like. These vinyl monomers may be used singly. 
Alternatively, they may be used in combination to copolymerize them. 

25 In addition to these vinyl monomers, optional crosslinking agents, for example, aromatic divinyl compounds 

such as divinyibenzene, dMnyinaphthalene and derivatives thereof; ethylenically unsaturated dlcarboxyllces- 
ters such as ethylene glycol dime th acrylate and diethylene glycol dimethacrylate; divinyl compounds such as 
N.N-divlnylaniline and divinyl ether; and compounds containing at least three vinyl groups may be used either 
singly or in combination. 

30 As exemplary colorants useful in the practice of this invention, may be mentioned pigments and dyes such 

as carbon black, anllne black, crystal violet, rhodamine B, malachite green, nigrosine, copper phthalocyanlne 
and azo dyes. These colorants may be used either singly or in combination. 

In addition, one or more of high-polar substances referred to as charge control agent in this field, such as 
nigrosine dyes, monoazo dyes, metallized dyes, zinc hexadecylsuccinate, alkyi esters and alkyJ amides of 
35 naphthoic acid, nltrohumlc acid, N.N'-tetramethyldiamine benzophenone, N.N'-tetramethylbenzldine, trlazine 
and metal complexes of salicylic acid may be contained. 

It is also possible to simultaneously contain or subsequently add, into the non-magnetic toner according 
to this invention, at least one of various additives for controlling charge characteristics, electric conductivity, 
flowabil'rty or adhesion properties to a photosensitive body or fixing roll. 
40 Such additives may include releasing agents such as low-molecular weight polyethylene, low-molecular 

weight polypropylene, various kinds of waxes and silicone oils; 

inorganic fine powders such as carbon black powder, silica powder, alumina powder, titanium oxide pow- 
der, zinc oxide powder cerium oxide powder and calcium oxide powder and the like. 

45 (Development Process) 

The non-magnetic toner according to this invention is used in a process in which an electrostatic latent 
Image formed on the surface of a photosensitive body Is developed with a developer by a developing apparatus 
equipped with a development rofl and a development blade for controlling a layer of the developer supplied on 
so the development roll to a uniform thickness. 

in this case, ft may be preferable to develop in accordance with the reversal development system in which 
the electrostatic latent Image formed on the photosensitive body has the same polarity as that of the non-mag- 
netic one-component developer. 

Alternatively, it may be preferable to develop by bringing the latent image formed on the photosensitive 
55 body into direct contact with the development roll. 
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ADVANTAGES OF THE INVENTION 

According to this invention, there can be provided a non-magnetic toner that when It is used in a process 
in which an electrostatic latent image formed on the surface of a photosensitive body Is developed with the 

5 developer by a developing apparatus equipped with a development roll and a development blade for controlling 
a layer of the developer supplied on the development roll to a uniform thickness, its denseness onto the latent 
image is good, its transfer efficiency in a transferring process is high and hence, a vivid image having high den- 
sity in image areas and free of any dust and unevenness can be formed and moreover, a high image quality 
free of any scumming in non-image areas can be attained, as compared with the toners in the prior art. 

10 In addition, there can also be provided a non-magnetic toner, which can provide a stable image quality free 

from the reduction in image density, increase in scumming, occurrence of ghost Images and the like even in 
long-term continuous development, and a development process making use of the toner. 

EMBODIMENTS OF THE INVENTION 

15 

The present invention will hereinafter be described specifically by the following Examples and Comparative 
Examples. However, it should be borne in mind that this invention is not limited to these examples only. Inci- 
dentally, all designations of "part" or "parts" and as will be used in the following Examples and Comparative 
Examples mean part or parts by weight and wt % unless otherwise provided. 

20 

Example 1; 

Dispersed In a ball mill, were 70 parts of styrene, 30 parts of butyl methacrylate, 4 parts of low-molecular 
weight polypropylene, 10 parts of carbon black fPrintex 150T, trade name), 1.0 part of a Cr dye ("Bontron 
25 S-34\ trade name) and 2 parts of 2 f 2'-azobis(2 f 4-dimethylvaleronitrile), thereby obtaining an intimate mixture. 

The mixture was then added into 350 parts of purified water with 5 parts of calcium phosphate finely dis- 
persed therein to obtain an aqueous dispersion. 

The thus-obtained aqueous dispersion was subjected to high-shear agitation by a rotor-stator type 
homomtxer under conditions of at least pH 9 to finely disperse the mixture in water. 
30 This aqueous dispersion was then charged in a reactor equipped with an agitating blade to polymerize the 

monomer component under stirring for 4 hours at 65°C. After the thus-obtained polymer dispersion was 
thoroughly washed with an acid and water, the resultant polymer was separated and dried to obtain a toner 
material. 

Subsequently, 0.2 part of hydrophobic silica as a flowabillty-imparting agent was added to 100 parts of the 
35 toner material to obtain a non-magnetic toner. 

The thus-obtained non-magnetic toner was composed of substantially spherical particles having properties 
shown In Table 1. 

Using the non-magnetic toner, the evaluation of images was then performed by an apparatus containing 
an developing machine of the contact development system, which basically has the construction illustrated in 
40 FIG. 1, and comprises a photosensitive body 1 making use of an organic photosensitive body, a development 
roll 3 comprising an electrooonductive support of a metallic core and a rubbery toner-bearing layer provided 
on the outer peripheral surface of the support, and a layer-thickness regulator 7 for the toner made of a urethane 
rubber. 

The resulting images had high density In image areas, and were free of any scumming In non-Image areas, 
45 dust and unevenness and hence vivid, and moreover stable in image quality even in twenty thousand-sheet 
continuous developing. 

Example 2: 

50 A toner material having a volume-average particle diameter (dv) smaller than that in Example 1 was 

obtained in the same manner as in Example 1 except that 0.3 part of a Cr dye ("Spiron Black TRH", trade name) 
was used instead of 1 .0 part of the Cr dye ("Bontron S-34", trade name) in Example 1 , and 400 parts of purified 
water with 6 parts of calcium phosphate finely dispersed therein were used as a dispersion medium. 

Subsequently, 0.5 part of alumina as a flowabiiity-lmparting agent was added to 1 00 parts of the toner ma- 
ss terial to obtain a non-magnetic toner. The thus-obtained non-magnetic toner had a volume-average particle 
diameter (dv) as fine a9 5.9 pm and a particle size distribution (the dv/dn ratio) as narrow as 1 .20 and was com- 
posed of substantially spherical particles having properties shown in Table 1. 

Using the non-magnetic toner, the evaluation of images was then performed by the same apparatus as 
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that used in Example 1. 

The resulting images had high density in image areas, and were free of any scumming in non-image areas, 
dust and unevenness, and moreover extremely good in tone reproduction and definition. 

5 Example 3: 

A toner material having a Q/A ratio greater than that in Example 1 was obtained in the same manner as in 
Example 1 except that 5 parts of carbon black ("Printex 1 50"T\ trade name) and 3.0 parts of a Cr dye ('Bontron 
S-34\ trade name) were used as colorants in Example 1. 
10 Subsequently, 0.6 part of hydrophobic silica as a flowa bility-imparting agent was added to 1 00 parts of the 

toner material to obtain a non-magnetic toner. The thus-obtained non-magnetic toner was composed of sub- 
stantially spherical particles having properties shown in Table 1. 

Using the non-magnetic toner, the evaluation of images was then performed by the same apparatus as 
that used in Example 1. 

15 The resulting images had high density in image areas, and were free of any scumming in non-image areas, 

dust and unevenness, and hence vivid. 

Comparative Example 1 : 

20 Aftermelting and kneading 100 parts of a styrenebutyl methacrylate copolymer (styrene:butyl methacrylate 
= 70:30), 10 parts of carbon black ("Cabot BPL", trade name), 1 .0 part of a Cr dye ("Bontron S-34", trade name) 
and 4 parts of low-molecular weight polypropylene in a kneader, the resulting mixture was ground in a jet mill 
and then subjected to air classification, thereby obtaining a toner material. 

Subsequently, 0.2 part of hydrophobic silica as a fiowability-imparting agent was added to 1 00 parts of the 

25 toner material to obtain a non-magnetic toner. The thus-obtained non-magnetic toner had a shape factor (Sc/Sr) 
of 1.53 and a product (A*dn*D) of 14.6 as shown In Table 1, and was composed of particles having different 
particle shapes. 

Using the non-magnetic toner, the evaluation of images was then performed by the same apparatus as 
thatused in Example 1. 

30 When this non-magnetic toner was used, a layer thickness of the toner on the development roll became 

uneven, resulting in an image having low density in image areas, and full of scumming In non-image areas and 
density unevenness. 

Twenty thousand-sheet continuous developing was conducted using the toner. As a result, it was found 
that the image density was sharply reduced and scumming was increased to an extremely great extent as the 
35 time went on, and this toner was hence unfit to use in this development system. 

Comparative Example 2: 

A toner material was obtained in the same manner as in Example 1 except that the Cr dye ("Bontron S-34", 
40 trade name) was not used In Example 1. 

Subsequently, 0.2 part of hydrophobic silica as a flowabiiity-imparting agent was added to 1 00 parts of the 
toner material to obtain a non-magnetic toner. 

The thus-obtained non-magnetic toner was composed of substantially spherical particles as shown in Table 
1, but had a charge level (Q) (uc/g) to specific surface ansa (A) ratio (Q/A) as low as 13. 
45 Using the non-magnetic toner, the evaluation of images was then performed by the same apparatus as 

that used in Example 1. 

The resulting images had low density in image areas, scummed over non-image areas and were full of une- 
venness. 

so Comparative Example 3: 

A non-magnetic toner was obtained in the same manner as in Example 1 except that 5.0 parts of a Cr dye 
("Spiron Black TRH", trade name) were used instead of 1.0 part of the Cr dye ('Bontron S-34", trade name) In 
Example 1. 

55 The thus-obtained non-magnetic toner was in a substantially spherical form as shown in Table 1, but had 

a charge level (Q) (fxc/g) to specific surface area (A) ratio (Q/A) as high as 79. 

Using the non-magnetic toner, the evaluation of images was then performed by the same apparatus as 
that used in Example 1. 
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The resulting images had low density in image areas and were full of dust, and moreover ghost images 
were formed in their non-image areas due to high adhesion of the toner to the photosensitive body. 
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Claims 

s 1. A non-magnetic one-component developer suitable for use in a development process in which an electro- 
static latent image formed on a photosensitive body is developed with a developer by using a development 
apparatus equipped with a development roll and a development blade for controlling a layer of the 
developer supplied on the development roll to a uniform thickness, characterized in that the developer com- 
prises a binder resin and a colorant, and has the following physical properties: 

10 (a) the volume-average particle diameter (dv) ranging from 5 to 15 jim; 

(b) the ratio (dv/dn) of the volume-average particle diameter (dv) to the number-average particle diame- 
ter (dn) ranging from 1.00 to 1.40; 

(c) the quotient (Sc/Sr) obtained by dividing the area (Sc) of a circle supposing the absolute maximum 
length of a particle is a diameter by the real projected area (Sr) of the particle ranging from 1 .00 to 1 .30; 

15 (d) the product (A*dn*D) of the specific surface area (A) (mftg) as measured in accordance with the 

BET method, the number-average particle diameter (dn) (\im) and the true specific gravity (D) ranging 
from 5 to 10; and 

(e) the ratio (Q/A) of the charge level (Q) (nc/g) to the specific surface area (A) ranging from 15 to 70, 
said non-magnetic one-component developer being substantially spherical from the conditions 
20 of (c) and (d). 

2. The non-magnetic one-component developer as claimed in claim 1, wherein the dv/dn ratio (b) falls within 
a range of 1 .00-1 .25 and the Q/A ratio (e) falls within a range of 20-60. 

25 3. The non-magnetic one-component developer as claimed in claim 1 , which has been obtained by polymeri- 
zing an intimate mixture containing at least one vinyl monomer and at least one colorant by a suspension 
polymerization process. 

4. A process for developing an electrostatic latent image formed on a photosensitive body with a developer 
30 by using a development apparatus equipped with a development roll and a development blade for control- 
ling a layer of the developer supplied on the development roll to a uniform thickness, which comprises using, 
as the developer, a non-magnetic one-component developer comprising a binder resin and a colorant, and 
having the following physical properties: 

(a) the volume-average particle diameter (dv) ranging from 5 to 15 nm; 
35 (b) the ratio (dv/dn) of the volume-average particle diameter (dv) to the number-average particle diame- 

ter (dn) ranging from 1.00 to 1.40; 

(c) the quotient (Sc/Sr) obtained by dividing the area (Sc) of a circle supposing the absolute maximum 
length of a particle is a diameter by the real projected area (Sr) of the particle ranging from 1 .00 to 1 .30; 

(d) the product (A*dn*D) of the specific surface area (A) (rn^g) as measured in accordance with the 
40 BET method, the number-average particle diameter (dn) (fim) and the true specific gravity (D) ranging 

from 5 to 10; and 

(e) the ratio (Q/A) of the charge level (Q) (jic/g) to the specific surface area (A) ranging from 15 to 70, 

said non-magnetic one-component developer being substantially spherical from the conditions 
of (c) and (d). 

45 

5. The process as claimed in claim 4, which comprises using a non-magnetic one-component developer hav- 
ing a dv/dn ratio (b) in a range of 1 .00-1 .25 and a Q/A ratio (e) in a range of 20-60. 

6. The process as claimed in claim 4, which comprises using a non-magnetic one-component developer 
so obtained by polymerizing an intimate mixture containing at least one vinyl monomer and at least one col- 
orant by a suspension polymerization process. 

7. The process as claimed in claim 4, which comprises developing In accordance with the reversal develop- 
ment system in which an electrostatic latent image formed on a photosensitive body has the same polarity 

55 as that of a non-magnetic one-component developer 

8. The process as claimed in claim 4, which comprises developing by bringing an electrostatic latent image 
formed on a photosensitive body into direct contact with a development roll. 
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